ABSTRACT Objectives: To detect and quantify current risk factors for HIV seroconversion among gay men seeking repeat tests at sexual health clinics. Design: Unmatched case control study conducted in London, Brighton and Manchester, UK. Methods: 75 cases (recent HIV positive test following a negative test within the past 2 years) and 157 controls (recent HIV negative test following a previous negative test within the past 2 years) completed a computerassisted self interview focused on sexual behaviour and lifestyle between HIV tests. Results: Cases and controls were similar in sociodemographics, years since commencing sex with men,
Methods: 75 cases (recent HIV positive test following a negative test within the past 2 years) and 157 controls (recent HIV negative test following a previous negative test within the past 2 years) completed a computerassisted self interview focused on sexual behaviour and lifestyle between HIV tests. Results: Cases and controls were similar in sociodemographics, years since commencing sex with men, lifetime number of HIV tests, reasons for seeking their previous HIV tests and the interval between last HIV tests (mean = 10.5 months). Risk factors between tests included unprotected receptive anal intercourse (URAI) with partners not believed to be HIV negative (adjusted odds ratio (AOR) and 95% confidence interval 4.1, 1.8 to 9.3), where increased risk was associated with concomitant use of nitrite inhalants, receiving ejaculate and increasing numbers of partners. Independent risk was also detected for unprotected insertive anal intercourse (UIAI) with more than one man (AOR 2.7, 1.3 to 5.5) and use of nitrite inhalants (AOR 2.4, 1.1 to 5.2). Conclusions: HIV serodiscordant unprotected anal intercourse remains the primary context for HIV transmission among gay men, with increased risk associated with being the receptive partner, receiving ejaculate and use of nitrite inhalants. Although the HIV transmission risk of URAI is widely acknowledged, this study highlights the risk of UIAI and that nitrite inhalants may be an important facilitator of transmission when HIV exposure occurs.
Sex between men remains the main focus of HIV transmission in the UK, accounting for over 2300 new diagnoses reported for 2005 and an estimated 84% of all infections likely to have been acquired within the country. 1 2 Surveillance of high risk behaviour and sexually transmitted infections (STIs) among men who have sex with men (MSM) have shown worsening trends in recent years, with the proportion of MSM reporting unprotected anal intercourse in the past year rising to 42% in 2000 in London and rates of STIs reaching record levels in England and Wales. 3 4 The re-emergence of syphilis at the end of the 1990s and lymphogranuloma venereum in 2004 gives further cause for concern for the sexual health of MSM in the UK. 5 6 HIV prevention strategies are based on theories about which behaviours can cause HIV transmission (relative risk) and the prevalence of such behaviours in the population of concern (attributable risk). Risk factor studies were among the earliest responses to the AIDS epidemic. Empirical knowledge of HIV transmission through sex between men has primarily been derived from studies conducted in the first decade of the epidemic. [7] [8] [9] [10] [11] The largest of these was the MultiCenter AIDS Cohort Study, 12 conducted in epicentres in the USA, which identified unprotected receptive anal intercourse (URAI) as the main risk factor for HIV seroconversion, a finding replicated in most other studies. Behaviours increasing the likelihood of exposure, such as high numbers of sexual partners, and factors thought to increase the probability of transmission, such as the presence of other STIs, have also been reported with varying degrees of consistency. Since there are far more sexual HIV exposures than transmissions, behaviours that facilitate HIV transmission when exposure occurs are important targets for prevention programmes.
Currently, England's HIV prevention strategy for MSM, 13 first implemented in 1998 and updated in 2003, identifies HIV sero-discordant unprotected anal intercourse, condom failure, the introduction of HIV infected semen into the mouth or anus of uninfected men, concurrent STIs (specifically gonorrhoea, syphilis and herpes) and the absence of post-exposure prophylaxis in men exposed to HIV, as behaviours with sufficient evidence of both relative and attributable risk among MSM in England to warrant being population level targets.
The UK's INSIGHT (Investigation of New Seroconversions In Gay men who HIV Test) Project was established in 2001 to determine whether these factors driving HIV seroconversion in MSM at the beginning of the 21st century remain current, are accompanied by new factors and, if indicated, to inform changes in these population goals/objectives for HIV prevention.
MATERIALS AND METHODS
A case-control study was conducted at seven sexual health clinics in London (5), Manchester (1) and Brighton (1), which together account for more than half the diagnoses of HIV acquired through sex between men in England. Phased recruitment of participants ran from September 2002 to October 2004, with most clinics recruiting continuously over a 12 month period. Subsets of purposively selected respondents participated in follow up in-depth interviews exploring the context of HIV seroconversion. The results of the qualitative study are reported separately.
STUDY POPULATION
Cases (HIV seroconverters) were defined as gay men over 16 years old, who had a recent HIV positive test result at one of the participating clinics, having had an HIV negative test result within the previous two years. Controls were drawn from the same population but had had a HIV negative test result on both occasions. Men whose interval period between tests was less than three months, potentially in the ''window period'' for antibody detection, were excluded. Cases were given time to adjust to their diagnosis before being recruited but were approached within a month of testing HIV positive. Controls were recruited immediately after receiving their HIV negative test result and any post-test counselling. Clinic staff identified and recruited participants and provided a private space for them to complete the study questionnaire.
STUDY PROCEDURES
A computer-assisted self interview (CASI) was used to collect data from the participants. The content was guided by current and speculative theories about determinants of HIV transmission, with questions developed from a range of existing studies, and using cognitive interview testing with the initial recruits. The CASI asked about key sexual behaviours (insertive anal intercourse, receptive anal intercourse and receptive oral sex) between their last two HIV tests, in two different ways. First, they were asked to report the aggregate numbers of men, by perceived HIV status (known HIV positive, presumed HIV negative and unknown) at the time the sex occurred. Second, they were asked to report partner specific behaviours with up to three regular partners and aggregate behaviours with casuals. Participants were also asked about use of social and sexual venues and forms of media used to meet sex partners, incident diagnoses of STIs, overall health, clinical depression, and use of alcohol and recreational drugs between their HIV tests. Cases completed the same CASI as controls and submitted their responses via the internet. No questionnaire data were held at the clinic after submission.
All participants provided written informed consent. The study was approved by the South West Multi-centre Research Ethics Committee and local Ethics Committees covering the participating sites.
STATISTICAL ANALYSIS
Variables were examined to determine their association with HIV seroconversion using Stata (version 9.0; Stata Corp, College Station, TX, USA). Continuous variables were explored using t tests. For categorical variables odds ratios (OR) 95% confidence intervals (CI) and p values were obtained using logistic regression. Variables that were associated with being a seroconverter (p(0.2) were used as predictor variables in multivariable logistic regression models. This provides a convenient approach to control the associations of interest for any potential confounding factors. Models were constructed using a hierarchical approach based on a proximate-determinants framework similar to Boerma and Weir. 16 Backward elimination models were used to explore distal factors, retaining those where p(0.2. For the key sexual behaviour variables, multivariable analysis was restricted to adjusting for any report of URAI with men not believed to be HIV negative.
RESULTS

Characteristics of HIV seroconverters and controls
A total of 75 cases and 157 controls were recruited to the study, with an overall response rate of 72%, with no substantial difference in response rates between cases and controls. The two groups were similar in terms of demographics, with a mean age at last HIV test of 35 years, over 90% white ethnicity, around half educated to degree level and three-quarters were employed (table 1) . Seventy-seven per cent of participants described themselves as gay and most were open or completely open to others about their sexuality. Sexual and HIV testing histories were also comparable with cases reporting a mean of 16 years since first anal sex, 7 years since first HIV test, six HIV tests in total and a mean interval of 10.6 months between the last two HIV tests (10.5 for controls).
Cases reported a median of 15 sexual partners in the interval compared to 12 for controls (p = 0.113). Forty seven per cent of cases reported sex with at least one man they knew to be HIV positive compared to 36% of controls, although this difference was not statistically significant. Similarly, there were no significant differences in numbers of sexual partners who were believed HIV negative or of unknown HIV status, the latter comprising the majority of sexual contacts. Anal intercourse was reported by all cases and 97% of controls.
Factors associated with HIV seroconversion
Between HIV tests, 83% of cases and 55% of controls reported URAI, crude odds ratio (OR) 3.9 (2.0 to 7.7) with increasing risk evident with increasing numbers of men (table 2) . URAI with at least one known HIV positive man was reported by 28% of cases and 11% of controls (OR 3.2, 1.6 to 6.4). This risk increased sharply where nitrite inhalants were used (OR 9.3, 3.3 to 26.2) and where ejaculation occurred, particularly involving Unprotected insertive anal intercourse (UIAI) was reported by 76% of cases and 61% of controls (OR 2.1, 1.1 to 3.8), with increased risk for UIAI with more than one man (OR 4.5, 2.5 to 8.0) and to a lesser extent with five or more men (OR 2.5, 1.2 to 4.9). Although men who reported UIAI with known HIV positive and unknown status men were at increased risk of seroconversion, there was no strong evidence for increasing risk with UIAI with increasing numbers of men. Having adjusted for URAI with men not believed to be HIV negative, seroconversion was found to be significantly associated with UIAI with more than one man (adjusted odds ratio (AOR) 2.7, 1.4 to 5.2), more than one man not believed to be HIV negative (AOR 2.0, 1.1 to 3.7) and more than five such men (AOR 2.3, 1.1 to 5.1) (table 2).
Unprotected receptive oral intercourse (UROI) was almost universally reported. Cases were more likely than controls to report UROI with HIV positive men and UROI to ejaculation in their mouth by men of unknown HIV status. However, these behaviours were not found to be statistically significant after adjusting for URAI with men not believed to be HIV negative.
Examination of ancillary sexual behaviours (reported as never, sometimes and often) showed that men who seroconverted were more likely to report any instance of giving oral-anal contact (rimming), group sex, receptive use of sex toys and being fisted (table 3). However there was no evidence of increased risk in men who reported often engaging in these activities (data not shown). A multivariate model of these behaviours suggested that rimming (AOR 3.3, 1.3 to 8.5) and being fisted (AOR 3.1, 1.4 to 7.0) underlay the observed associations (table 3) .
Forty-five per cent of cases and 39% of controls reported a diagnosis of a STI during the interval period (including at the time of their most recent HIV test). Diagnoses of gonorrhoea (OR 3.6, 1.7 to 7.8) and syphilis (6.0, 1.1 to 31.8) were both associated with seroconversion; however, only gonorrhoea remained statistically significant in a multivariate model (table 3) . Recreational drug use was reported by 93% of cases and 85% of controls; however, only 8% of cases and 3% of controls reported injecting any drug (mostly steroids). Any use of nitrite inhalants, methylenedioxymethamphetamine (MDMA, Ecstasy), ketamine, d-lysergic acid diethylamide (LSD) and Viagra were all significantly associated with seroconversion (table 3) . However, examination of the frequency of drug use (once, more than once and regularly) found no discernable trends in increased drug use with seroconversion (data not shown). A multivariable model of drug use (any) found only nitrite inhalants associated with seroconversion (AOR 3.7, 1.8 to 7.8). Any use of cannabis showed reduced risk (AOR 0.4, 0.2 to 0.9), although this ''protective'' effect was not apparent if regular cannabis use was included in the model. Only 11% of cases and 12% of controls reported abstaining from alcohol (table 3) .
Ninety-six per cent of cases and 94% of controls reported meeting new sex contacts during the interval period. However, none of the venues or media reported to meet these men was statistically associated with HIV seroconversion, although a multivariate model indicated that men who used the internet were more likely to seroconvert (AOR 1.9, 1.0 to 3.4) and conversely men who met men in toilets were less likely (AOR 0.3, 0.1 to 0.8) (table 3) .
A final logistic regression model was used to test the relationship of variables found to be associated with HIV seroconversion thus far: URAI with partners not known to be HIV negative; UIAI with more than one man; a diagnosis of gonorrhoea; rimming another; being fisted; use of the internet to meet men; any use of nitrite inhalants. In the final model, independent associations for HIV seroconversion were found for URAI with partners not known to be HIV negative (AOR 4.1, 1.8 to 9.3), UIAI with more than one man (AOR 2.7, 1.3 to 5.5) and use of nitrite inhalants (AOR 2.4, 1.1 to 5.2).
DISCUSSION
Although this study did not detect any new factors driving HIV seroconversion among gay men in England, the findings reemphasise the risks associated with unprotected receptive anal intercourse, and clarify the risk associated with nitrite inhalants use during this activity. The risk associated with UIAI has also been clearly identified-a practise that many MSM may mistakenly think low risk. By recruiting men seeking repeat HIV tests at sexual health clinics we specifically sampled a population at high risk of HIV acquisition. That the sociodemographics, years at risk and HIV testing histories of cases and controls were so similar suggests that potential biases inherent in this methodology have been successfully controlled. In such a sample, where risk profiles of cases and controls closely mirror each other, the factors facilitating transmission (rather than those providing opportunities for exposure) may be expected to be detected. Despite this design, URAI was still found to significantly differentiate seroconverters from non-seroconverters; this finding not only confirms earlier work but adds to likelihood that there have been no major additions to the key behavioural drivers of HIV transmission in this population and that findings from previous studies are still valid.
The study will have underestimated the relative risk of some behaviours owing to the selection of controls who themselves are at increased HIV seroconversion risk since they were having repeated HIV tests. The response rate of over 70% is unlikely to have introduced bias and although recruitment bias is likely, the indicators presented in table 1 suggest these have been controlled. Using CASI is likely to maximise reporting of sensitive behaviours, but this will not have overcome the recall bias inherent in such studies. Cases were aware of their diagnosis, and controls similarly aware that they were uninfected, and this may have led to differential recall of risk behaviours. The estimated odds ratios of certain unprotected anal and oral sex factors differ markedly between the single and multivariable analysis. It is possible that this is due to some colinearity between these factors. Our ability to detect less prevalent risk factors may be limited by our sample size.
Contrary to findings from the USA, 17 we found no evidence of methamphetamine's association with seroconversion despite being reported by over 10% of participants, Rather, the drug that stands out from our study is nitrite inhalants. This independent association has been reported by earlier studies 8 11 and from North America more recently. 18 19 That concurrent use of nitrite inhalants during HIV sero-discordant unprotected intercourse facilitates transmission is biologically plausible. 20 However, an increase in risk may also be because nitrite inhalants are used to facilitate anal penetration and are more likely to be used during ''rougher'' sex.
Factors found to be associated with seroconversion in multivariate analyses that were later dropped from the final model should not be dismissed. The association of gonorrhoea infection with HIV seroconversion has been reported previously. 11 One explanation is that men have acquired gonorrhoea from the same partner as they acquired HIV, and gonorrhoea has been shown to increase viral load in semen and in turn the likelihood of onward HIV transmission. 21 Similarly, that a quarter of cases reported being fisted suggests that engagement in this activity, as well as taking ''club'' drugs, may be useful markers of men at increased risk of seroconversion. Further research should investigate the role of drugs and alcohol in the context of high risk sexual behaviour. This study confirms that population level goals or objectives for HIV programmes for gay men should continue to focus on reducing sero-discordant unprotected anal intercourse. While the potential of nitrite inhalants as a transmission facilitator has been acknowledged in England's gay men HIV prevention strategy it has not been adopted as a programmatic target. 16 This study suggests that this should be considered especially in light of data suggesting that, after alcohol, nitrite inhalants are the most widely used drug among gay men in the UK. 22 We therefore conclude that the attributable risk of nitrite inhalants to HIV seroconversion among gay men in the UK is high and that reduction in their use during HIV sero-discordant unprotected intercourse be adopted as a population level goal/ objective by prevention programmes. This recommendation requires further research on the needs associated with avoidance of nitrite use during HIV sero-discordant unprotected anal intercourse, and the interventions that may address these needs.
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